Background. The lack of a classification system for surgical procedures in resource-limited settings hinders outcomes measurement and reporting. Existing procedure coding systems are prohibitively large and expensive to implement. We describe the creation and prospective validation of 3 brief procedure code lists applicable in low-resource settings, based on analysis of surgical procedures performed at Mbarara Regional Referral Hospital, Uganda's second largest public hospital. Methods. We reviewed operating room logbooks to identify all surgical operations performed at Mbarara Regional Referral Hospital during 2014. Based on the documented indication for surgery and procedure(s) performed, we assigned each operation up to 4 procedure codes from the International Classification of Diseases, 9th Revision, Clinical Modification. Coding of procedures was performed by 2 investigators, and a random 20% of procedures were coded by both investigators. These codes were aggregated to generate procedure code lists. Results. During 2014, 6,464 surgical procedures were performed at Mbarara Regional Referral Hospital, to which we assigned 435 unique procedure codes. Substantial inter-rater reliability was achieved (k = 0.7037). The 111 most common procedure codes accounted for 90% of all codes assigned, 180 accounted for 95%, and 278 accounted for 98%. We considered these sets of codes as 3 procedure code lists. In a prospective validation, we found that these lists described 83.2%, 89.2%, and 92.6% of surgical procedures performed at Mbarara Regional Referral Hospital during August to September of 2015, respectively. Conclusion. Empirically generated brief procedure code lists based on International Classification of Diseases, 9th Revision, Clinical Modification can be used to classify almost all surgical procedures performed at a Ugandan referral hospital. Such a standardized procedure coding system may enable better surgical data collection for administration, research, and quality improvement in resource-limited settings.
inadequate information collection and reporting systems. 4, [6] [7] [8] [9] [10] In particular, the lack of an appropriate, standardized classification system for surgical procedures in resource-limited settings is a major obstacle to data collection. 11 While the World Health Organization's International Classification of Diseases, 10th revision (ICD-10) establishes a standard scheme for the coding of diagnoses, 12 a corresponding classification system for procedures does not currently exist. A system called the International Classification of Procedures in Medicine was published by World Health Organization in 1978, but updates were discontinued in the 1980s, and the timeline for completion of a successor remains unclear. 13 Consequently, several high-income countries have developed their own systems for classifying procedures, including the United States (Common Procedural Terminology [CPT] and International Classification of Diseases, 9th Revision, Clinical Modification [ICD-9-CM], Volume 3), 14 Australia (Australian Classification of Health Interventions), 15 Canada (Canadian Classification of Health Interventions), 16 and the United Kingdom (Office of Population Censuses and Surveys Classification of Surgical Operations and Procedures, 4th Revision). 17 These systems are complex; the United States' ICD-9-CM Volume 3, for example, contains 3,824 procedure codes, and its replacement ICD-10-PCS contains 71,924 procedure codes. 18 The large and complex systems designed by high-income countries; however, are not wholly applicable in resource-limited settings, where minimally invasive surgical procedures, for example, are rarely performed. 19 Even if applicable, these systems would be prohibitively expensive and laborious to implement. As a result, surgical data in resourcepoor settings, when collected at all, frequently are not classified or are reported using categories developed in an ad hoc fashion. This impedes accurate data reporting to national health authorities and makes effective outcomes measurement difficult to perform. Notably, without some form of procedure coding, it is impossible to describe the surgical case mix at resource-limited hospitals in a standardized way, let alone use common data analysis approaches, such as adjusting for case mix when comparing outcomes between hospitals.
To develop and test a concise set of surgical procedure codes applicable to low-resource settings, we evaluated the surgical operations performed at Mbarara Regional Referral Hospital (MRRH), a 323-bed public referral hospital located in southwestern Uganda. 20 Uganda, with a per capita gross domestic product of $2,000 21 and a Human Development Index rank of 161 out of 187 nations, 22 exemplifies the challenges faced by low-income countries in attempting to classify surgical procedures. With only 1 surgeon 23 and 0.1 physician anesthesiologists 24 per 100,000 population, Uganda lacks the clinicians and support staff needed to implement complex existing procedure coding systems. MRRH serves a referral population of 4 to 5 million people, and due to limited surgical capacity in its catchment area, it performs a significant portion of all surgical procedures in southwestern Uganda.
Based on retrospective analysis of operations performed at MRRH, we created 3 procedure code lists of differing lengths. We then prospectively measured the proportion of surgical procedures performed at MRRH that could be described by our code lists. We hypothesized that our short, intermediate, and long procedure code lists would respectively describe at least 85%, 90%, and 95% of surgical procedures performed.
METHODS
We obtained Institutional Review Board approval from the Massachusetts General Hospital, Mbarara University of Science and Technology, and Uganda National Council for Science and Technology. The initial project proposal and design were presented to the MRRH Department of Surgery in March 2015, revisions were made based on solicited feedback, and the final project design was presented and received approval from the surgery department in April 2015. Data were collected at MRRH during October and November of 2015.
Data sources. The operating room logbooks at MRRH were reviewed and all surgical procedures performed during the period January 1 to December 31, 2014 were entered into Microsoft Excel (Microsoft Corporation, Redmond, WA). Variables captured were date of operation, procedure performed, diagnosis/indication for surgery, and patient age, sex, medical record number, and name. After duplicate entries were identified and removed, the data were deidentified by replacing medical record numbers and names with a study ID.
We obtained surgical procedure codes from the 2009 edition of the ICD-9-CM, Volume 3. ICD-9-CM, Volume 3 was developed by the US National Center for Health Statistics and used by American hospitals to bill for inpatient procedures from 1979 to October 1, 2015. 14 It is among the most widely used sets of English-language procedure codes worldwide and is publicly accessible without charge. CPT codes, in contrast, which are used by American physicians and outpatient centers to bill for procedures, 25 are maintained privately by the American Medical Association, and a license must be purchased for their use or reprinting. 26 We chose to use ICD-9-CM, Volume 3 rather than ICD-10-PCS (Procedure Coding System), its replacement in the United States as of October 1, 2015, for 3 reasons. First, ICD-10-PCS codes are far more numerous and specify procedures to a much more granular level than ICD-9-CM (Appendix Table) . ICD-10-PCS thus requires more detailed information to achieve accurate code assignment than we thought was available in our data. Second, given the abstract organization and hexadecimal nomenclature of ICD-10-PCS (illustrated in Appendix Table) , we thought that a code list based on ICD-10-PCS would be less favorably received and less likely implemented by Ugandan hospitals. Finally, almost all available administrative data from the United States (and data collected elsewhere using United States standards) use ICD-9-CM codes, providing a broad basis of experience in using these codes and an extensive published literature that do not yet exist for ICD-10-PCS.
Data coding and analysis. Each surgical procedure recorded from the MRRH logbooks was reviewed by 1 of 2 investigators (C.L., P.K.) independently. Based on the documented indication for surgery and procedure(s) performed, each operation was assigned 1 to 4 ICD-9-CM procedure codes. (Multiple codes were assigned when operations involved multiple component procedures.) When the surgical and anesthesia providers' logbooks differed in the listed procedure performed, we attempted to make a best determination of the correct procedure based on diagnosis, patient age, and patient sex. We resolved any remaining conflicts in favor of the surgical provider's logbook, reasoning that these providers performed the procedure and were more likely to record it accurately.
Each investigator assigned codes to half of all surgical procedures captured, plus an additional 10% of procedures chosen randomly from those already reviewed by the other investigator, resulting in a random 20% of procedures being assigned codes by both investigators. We used Stata 14 (StataCorp LP, College Station, TX) to calculate the Cohen's Kappa statistic representing inter-rater reliability for those procedures assigned codes by both investigators. 27 For simplicity, and to provide a conservative estimate of inter-rater reliability, we considered cases of partial agreement (ie, some, but not all, procedure codes assigned by the 2 investigators are concordant) to be cases of disagreement between the investigators.
Next, ICD-9-CM codes assigned were tabulated using Stata 14. For procedures coded by both investigators, one investigator's code(s) was kept at random and the other investigator's code(s) discarded. The codes were ranked from most to least frequently assigned, and the smallest number of unique ICD-9-CM codes needed to comprise 90%, 95%, and 98% (rounded to the nearest percent) of codes assigned was identified. These constituted 3 concise procedure code lists of increasing size. In constructing these lists, codes appearing with equal frequency were included or excluded together (ie, if a given ICD-9-CM code appeared with frequency "n" in the study data and was included in a code list, all other codes with frequency "n" would be included in this code list as well).
Validation. Finally, we conducted prospective validation of our 3 code lists. Specifically, we identified from the logbooks all operative procedures performed at MRRH during August 1 to September 30, 2015, and assigned ICD-9-CM codes to these procedures. We then determined the percentage of codes assigned that was contained in each of our 3 code lists (the "percent capture" achieved by each list). Procedures were entered and coded using the same methodology as described above, with codes assigned by just one investigator (C.L.). The percent capture achieved by each of our 3 code lists was determined using Microsoft Excel.
RESULTS
During the 1-year study period, 6,464 surgical procedures were performed at MRRH, to which we assigned 7,623 total and 435 unique procedure codes. In the study, 84% of surgical procedures were assigned 1 procedure code, 14% required 2 procedure codes, 2% required 3 procedure codes, and <0.1% (n = 17) required 4 procedure codes. As shown in Table I , according to the major divisions of ICD-9-CM, Volume 3, the most common procedure types at MRRH were obstetrical procedures (49%, n = 3,751), operations on the digestive system (17%, n = 1,285), and operations on the female genital organs (12%, n = 932). Also common were operations on the nervous system (5%, n = 342), operations on the musculoskeletal system (4%, n = 336), and operations on the integumentary system, including skin, soft tissue, and breast (4%, n = 299).
As shown in Table II , the most common obstetric procedures were cesarean section (n = 3,597, 96% of obstetric procedures) and repair of high-(n = 52, 1%) and low-degree (n = 44, 1%) obstetric perineal lacerations. The most common gastrointestinal procedures were exploratory laparotomy (n = 309, 24%), unilateral inguinal hernia repair (n = 78, 6%), and repair of lacerations or perforations of nonduodenal small intestine (n = 55, 4%). The most common gynecologic procedures were total abdominal hysterectomy (n = 149, 16%), diagnostic procedures on the cervix including examination under anesthesia for staging of cervical cancer (n = 92, 10%), and bilateral tubal ligation (n = 79, 9%).
The most common neurosurgical procedures were craniotomy including burr holes (n = 136, 40%), incision of the cerebral meninges including for evacuation of subdural hematoma (n = 82, 24%), and exploration or decompression of the spinal canal (n = 27, 8%). The most common orthopedic procedures were open reduction of fracture (n = 66, 20%) and sequestrectomy for osteomyelitis (n = 27, 8%), although these were assigned one of several different codes based on anatomic location. The most common integumentary system procedures were incision and drainage of skin and subcutaneous tissue (n = 73, 24%), closure of skin and subcutaneous tissue lacerations or wounds (n = 57, 19%), and excisional debridement of wounds, infections, or burns (n = 54, 18%).
Three code lists were generated by aggregating the most commonly assigned procedure codes. As shown in Table III , 111 procedure codes represented 90% of codes assigned, 180 represented 95%, and 278 represented 98%. These constituted short, intermediate, and long code lists, respectively. Full versions of the code lists can be found in Table II .
As shown in Figure 1 , while relatively few procedure codes (111) were needed to capture 90% of procedures performed during the study period, a comparatively large number of codes was needed for each marginal increase in percent capture. Increasing code list length thus yields diminishing returns as the percent capture approaches 100%.
In the study, 1,288 procedures (20%) were chosen randomly to be assigned codes by both investigators, and the Kappa statistic representing inter-rater reliability was 0.7037, corresponding to "substantial" (0.60<k#0.80) inter-rater reliability. 28 This represents a conservative estimate of inter-rater reliability, as cases of partial agreement between the 2 investigators were counted as cases of disagreement. Finally, in our prospective validation, we determined the percent capture achieved by each code list when applied to the 1,665 procedures performed during the period of August 1 to September 30, 2015. As shown in Table III , the short, intermediate, and long code lists described 83.2%, 89.2%, and 92.6% of procedures performed at MRRH during the validation period, respectively.
DISCUSSION
Inadequate data collection is an important but under-addressed barrier to surgical care delivery in low-resource settings. We describe the creation of brief surgical procedure code lists applicable in resource-limited settings. Through our validation, we also demonstrate that such code lists can be used to describe almost all surgical procedures performed at a Ugandan referral hospital.
The delivery of surgical care is a critical component of any functioning health care system. Surgical care is a part of the prevention, diagnosis, treatment, and palliation of medical disorders in almost every organ system, disease category, and stage of life. 29, 30 Our analysis of surgical procedures performed at MRRH during 2014 substantiates this, with obstetric and gynecologic procedures comprising about 60%, general and GI surgery comprising about 30%, and neurosurgical and orthopedic procedures comprising about 10% of operations. We find higher proportions of obstetrician/gynecological, neurosurgical, and orthopedic procedures than in a published 2012 survey of Ugandan surgical capacity, 23 possibly associated with MRRH's status as a tertiary referral center.
The procedure code lists described here have potential applications in administration, quality improvement, and research. In administration, all Ugandan public hospitals must report the number of certain surgical procedures performed each month to the Ministry of Health, aggregated into broad categories such as "laparotomy," "orthopedic surgery," and "ENT surgical procedures." 31, 32 These data are used to track country-level health trends and to inform allocation of resources. A standardized procedure coding system with codes for specific procedures would improve the detail and accuracy of this reporting, compared with the existing broad categories, and could thus facilitate improved resource allocation. This is especially important because, as in many low-income countries, Ugandan health care is characterized by inequitable and fragmented financing that exposes patients and their families to impoverishing expenditures. 33 More broadly, resource allocation in low-and middle-income countries is often driven by political leverage or incremental budgeting (basing allocations on past resource distribution), 34 and better data collection is critical to moving toward needs-based allocation. Because MRRH is the busiest and most specialized of the 14 Ugandan regional referral hospitals by surgical volume, 20 these code lists could likely also be adapted for use at Uganda's other regional referral and district hospitals. However, as our code lists have only been tested at MRRH and as administrative use of these lists could have implications for health care delivery and resource allocation, more work is needed to study the applicability of these code lists at other hospitals prior to implementation. These procedure code lists also have the potential to enable quality improvement efforts at resourceconstrained hospitals. For example, MRRH's ability to review surgical outcomes retrospectively is severely limited by the difficulty of determining the number and types of surgical procedures performed from the hospital's paper charts and logbooks. 35 The same operation may be recorded as "appendectomy, bowel resection" in one instance and "exploratory laparotomy" in another, due to differing documentation practices and training of individuals. Implementation of standard procedure codes at hospitals such as MRRH would help to organize and focus discussions about quality, making it easier to identify operations frequently leading to poor outcomes or associated with marked variation in quality. It also would allow the comparison of outcomes among hospitals to be adjusted for case mix, thus controlling for differences in patients' diagnoses and surgical procedures undergone. This would make such comparisons more accurate and facilitate the identification and dissemination of best practices.
Lastly, the procedure code lists described here open the door for more rigorous and impactful surgical outcomes research in resource-limited settings. Research conceived of and conducted in low-resource settings such as Uganda is crucial to understanding and addressing the unique challenges to surgical care delivery in these countries. 36 In an interview study of surgical providers at 4 East African academic medical centers, 71% of subjects identified "recordkeeping and data management" and 43% identified insufficient "human resources" as barriers to research. 37 The concise procedure code lists described here reduce these 2 barriers, simplifying recordkeeping and reducing the manpower needed to analyze records. Other efforts to reduce data collection burden in low-resource settings are already under way, such as the development of lightweight riskadjustment models using just a few preoperative risk variables to predict mortality and adverse events. 38, 39 Tools such as these risk-adjustment models and the code lists described here will be helpful in realizing the Lancet Commission on Global Surgery's calls to measure surgical volume in 80% of countries by 2020 and to track access to the bellwether procedures of cesarean section, laparotomy, and treatment of open fracture. 4 Limitations. This study has several limitations. To optimize the generalizability of our findings, we chose MRRH as our study site, a broadly representative regional referral hospital with a large catchment population and various subspecialty divisions, including neurosurgery, orthopedics, plastic surgery, and pediatric surgery. This allowed us to generate procedure code lists that include a wide range of surgical procedures with potential applicability in a variety of hospital settings. However, other hospitals may have differing caseloads or surgical capacity, which may affect the relative frequency of procedures. For example, neighboring Rwanda has different automotive and helmet-use laws, perhaps leading to different presentations of road traffic accidents and head trauma.
Additionally, because our study period was only 1 calendar year, some rare procedures may not have been captured in our data. However, the procedure code lists generated here were created using the highest frequency 90% to 98% of surgical procedures performed, meaning the absence of rare procedures did not affect the codes included in these lists. Future users of these code lists could choose to capture such rare procedures in their data collection by either lengthening the lists significantly or allowing for "freetext" entry of uncommon procedures, but we chose not to do so here to preserve the brevity and broad applicability of our code lists.
Finally, as our data were collected from operating room logbooks, data quality was dependent on the information recorded in these logbooks, which was sometimes incomplete or illegible. To address this limitation, we reviewed both the surgical and the anesthesia provider's logbook for each operating room, allowing for greater completeness. Cases of disagreement between the 2 logbooks were resolved as described in the Methods above. However, as these cases demonstrate, and as this research seeks to address, imperfect data quality is an inherent limitation of this study.
Suggestions for future work. The procedure code lists presented here suggest several areas for future work. First, there is need for continued validation, for example by applying the lists at MRRH during a longer timespan than the 2-month validation period described here. Individual hospitals will need to determine where procedure coding can be incorporated into the clinical workflow, as these code lists have applicability both in prospective coding (eg, by clinicians at the time of the surgical procedure) and in retrospective coding (eg, by medical records staff). Real-world inter-rater consistency also is critical, and should be further tested. On this front, the substantial inter-rater reliability achieved between our American and Ugandan investigators suggests that these code lists have consistent applicability despite international variations in nomenclature and clinical practice. Lastly, an important future step is testing these code lists at other Ugandan hospitals and in resource-limited settings outside Uganda. In Uganda, a logical next step would be implementation and testing of these code lists at one or more of the other 12 regional referral hospitals, where the Ministry of Health has preexisting infrastructure for surgical data collection and reporting. Looking abroad, a "NSQIP-Lite" surgical outcomes database (modeled after the American College of Surgeons National Surgical Quality Improvement Program) has been established in Mozambique that captures records from three hospitals and includes fields such as "diagnosis" and "name/type of surgery" that would allow application of the procedure code lists described here. 40 Applying our code lists to data from other countries would allow for a true test of their applicability in other resource-limited settings.
We describe the creation and validation of 3 concise surgical procedure code lists applicable to health sector resource allocation, quality improvement, and research in resource-limited settings. We found that these code lists accurately captured almost all surgical procedures performed at a tertiary referral hospital in Uganda. A standardized tool to systematically classify surgical procedures in low-resource settings may improve surgical data collection and care delivery worldwide. 
